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INTRODUCTION
Several studies have been carried out to establish total amino acid (AA) requirements of modern fast-growing broiler chickens. Amino acids in nearly all feed ingredients are not completely digested, and knowledge on the efficiency of AA utilization is imperative for the formulation of broiler diets (Leeson & Summers, 2001) . This knowledge can also be used to reduce absorption efficiency differences among feedstuff sources (Emmert & Baker, 1997) . Feed formulation based on digestible AA provides a more satisfactory basis for formulating poultry diets than on the total AA basis, as it has been shown to increase body weight gain (BWG) and feed intake (FI) and improve body composition in broilers (Fernandez et al., 1995; Rostagno et al., 1995) .
Lysine is the reference AA to determine ideal AA ratios for chickens (Baker & Han, 1994) . Holsheimer & Ruesink (1993) reported that feeding levels higher than 1.15% dietary lysine in the starter period (from zero to 14 d) resulted in higher breast muscle yield at 49 d of age, irrespective of dietary lysine level fed (1.10 to 1.30%) from 15 to 49 d of age. Sklan & Noy (2003) estimated digestible lysine (DL) requirements of 0.92 and 0.96% for BWG and feed efficiency, respectively, for 7-d-old broilers. However, Mushtaq et al. (2007) suggested that DL can be lowered to 0.8% when the other AA were in definite ratio to DL, according to the ideal AA ratio, in canola meal based diets.
It has been shown that many factors may influence AA requirements of broilers (and other animals) at any given growth phase, including dietary aspects (e.g., protein and energy level, and presence of protease
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inhibitors), environmental aspects (e.g., disease, crowding, feeder space, and heat or cold stress), genetic aspects (e.g., sex and capacity for lean vs. fat growth), and age (Baker, 1997; Batal & Parsons, 2002; Ishibashi & Ohta, 1999; Kidd et al., 2005; Rose et al., 2001 Rose et al., , 2001a Shelton et al., 2003; Skland & Noy, 2004) . Therefore, AA requirements cannot be applied to all birds under all dietary, environmental, and body composition conditions (Baker & Han, 1994) . Therefore, the objective of the present study was to evaluate the effects of wheat-based diets with graded levels of DL supplementation and lowering energy to protein ratio on the growth performance of one-to 35-old broilers reared under subtropical summer conditions. 
MATERIALS AND METHODS

Husbandry and housing
Diet plan and data collection
Five levels (0.90, 0.95, 1.00, 1.05, and 1.10%) of DL were supplemented to five wheat-based diets containing decreasing energy to protein ratio (E:P) ( Table  1) . The ratio among different limiting AA (methionine, threonine, and tryptophan) was maintained constant in the five dietary treatments, using DL as reference AA (Table 2) . Total and digestible AA were calculated from analyzed dry matter (DM) and crude protein (CP) contents of each ingredient using AminoDat 3.0™ Platinum version (Degussa AG, Hanau-Wolfgang, Germany). Feed ingredients were analyzed for DM, CP, ether extract, and crude fiber, as suggested by AOAC (2007) . The metabolizable energy (ME) value of each ingredient was calculated by the regression equation published by the National Research Council (NRC, 1994) . Diets were formulated by a linear formulation method using Mill Mix as feed formulation software.
Weekly body weight gain (BWG), feed intake (FI), feed:gain ratio (FGR), and daily mortality were recorded. The BWG:DL intake ratio was calculated by multiplying DL percentage by feed intake and this value was used as a dividend of BWG to calculate this ratio. Birds that died during the experiment were weighed and their weight was used to correct FI and FGR (Table 6) . 
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Experimental design and data analyses A completely randomized experimental design was applied, in which pen mean was an experimental unit. The effects of the five graded levels of DL (from 0.90 to 1.10%) were statistically analyzed by the GLM procedure of ANOVA, using Minitab 13.2 (Minitab Inc., State College, PA). The level of significance was 0.05 unless or otherwise stated.
RESULTS
The analyzed nutrients, particularly amino acids, were in close agreement with the calculated values (AOAC, 2005) . Range of maximum ambient temperature was between 94 to 99 o F (34.5 to 37.2 o C).
Body weight gain (BWG) results are shown in Table  3 . During wk 1, a significant linear increase in BWG was observed as dietary DL level increased (p<0.001). Considering the period of wk 1 to 4, 1.05% DL promoted the highest BWG, which was reduced when 1.10% was fed (p<0.05). During the last week (wk 5), BWG was not affected by DL level (p>0.05). The highest BWG was observed with 1.05% DL level when wk 1 to 3 data were pooled (p<0.001). However, during wk 4 to 5, DL levels did not affect BWG (p>0.05). Considering the entire experimental period (wk 1 to 5), the highest BWG was obtained when the diet contained 1.05% DL (p<0.001).
The FI data obtained during each week are shown in Table 4 . Feed intake decreased with increasing DL levels during first 3 wks of age, with the most significant response obtained in wk 1 (p<0.001), followed by wk 2 (p<0.05) and wk 3 (p<0.10). Feed intake was not influenced by dietary DL levels in wk 4 and 5 or when the data was pooled for the whole experimental period (wk 1-5; p>0.05).
A FGR significant improvement (p<0.01) was observed between wk 1-5 (Table 5) . A highly significant reduction in FGR was observed with increasing DL levels (p<0.001) in wk 1. After that, 1.05% DL promoted the best FGR from wk 2 to 4 (p<0.001), whereas during last week, DL did not affect FGR (p>0.05). Highly significant FGR responses to DL supplementation was observed when data were pooled for wk 1-3 (p<0.001), wk 4-5 (p<0.02) and wk 1-5 (p<0.02).
Mortality was not different (p>0.05; Table 6 ) among dietary treatments during the whole experimental period (wk 1-5), except for wk 4 (p<0.05), during which the broilers fed 1.05% DL presented the least mortality.
The BWG:DLI ratio was influenced by increasing DL levels during the first 3 wks (p<0.05), no significant response was observed thereafter (p>0.05; Table 7 ). 
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DISCUSSION
The overall weekly body weight was much lower than that expected owing to severe heat stress birds suffered during the experiment. Amino acid requirements were expected to be higher during the first week and then to progressively decline as birds aged, partly owing to the development of the digestive tract, as observed in the present study, with consequent improvement of growth performance during wk 1. Labadan et al. (2001) and Sklan & Noy (2003) reported DL dietary requirements of 1.14% and 0.92% for BWG from day 0 to 14 and day 0 to 7, respectively, in corn-soy based diets. The difference from the present results might be due to the decreasing EPR along with the hot summer conditions in the present study.
The best BWG response was obtained at 1.05% DL, which was in accordance with the results of Baker & Han (1994) , who suggested a DL requirement of 1.07% for 21-d-old broilers. Sklan & Noy (2003) also observed a plateau in BWG at 1.10% DL dietary level. The results of the present study showed that excessive lysine is not properly digested. When dietary lysine was low, BWG increased with increasing dietary lysine levels and then decreased after dietary lysine exceeded the birds' requirement at all CP levels (Ishibashi & Ohta, 1999) .
Feed intake increases with as birds age, and the higher FI may compensate amino acid deficiencies by increasing the ingestion of under-provided amino acids. However, a linear decreasing pattern was observed in FI, with the lowest intake and BWG obtained when the diet contained 1.10% DL during first 3 weeks. This response numerically changed after wk 4. This same trend is seen in BWG and DL intake (BWG: DLI) ratio, with a significant increase up to first three weeks. These observed changes are related to the varying levels of DL and not to the high temperatures observed during the experiment per se. The lowest feed intake was obtained with the highest level of DL (1.10%), which resulted in low BWG, and ultimately poor FGR (1.92 when compared with 1.79 with the 1.05% DL diet from d 1 to 35).
The reduced intake observed with the 1.10% DL diet seems to be a result of the interaction between DL and arginine. Leeson & Summers (2001) anticipated that the level of the enzyme arginase may increase when chicks are fed excessive dietary lysine, arginine, or other AA. Therefore, small excesses of lysine in a diet can cause arginine breakdown and ultimately growth depression. The lowest mortality was also observed in broilers fed the 1.05% DL diet when compared with other DL levels; therefore, livability also improved with this DL (1.05%) level, where all other parameters showed better performance. 
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Labadan et al. (2001) and Sklan & Noy (2003) reported dietary DL requirements of 1.07% and 0.96% for FGR from days 0 to 14 and from days 0 to 7, respectively, in corn-soy based diets. Mushtaq et al. (2007) recommended 0.80% DL, according to the ideal AA ratio, in corn-canola meal based diets. The difference between these results and those obtained in the present study are probably due to the fact that the ideal AA ratio was not obtained in the present study. Leeson & Summers (2001) proposed that the excess of AA beyond the metabolic needs for protein synthesis are broken down and the resulting nitrogen is incorporated into uric acid. It is also speculated that high dietary AA levels induce the production of enzymes responsible for the degradation of these AA.
It can be concluded from the results of the present study that the growth performance of broilers may be improved by increasing digestible lysine levels, allowing reducing the dietary energy: protein ratio under subtropical summer conditions. The best results were obtained with the level of 1.05% DL. However, the final growth was in fact retarded by severe heat stress. Nonetheless, the results showed that digestible lysine requirements are reduced as broilers age when wheatbased diets are fed. The high cost of supplementing lysine and nitrogen excretion could be considered as additional factors in practical formulations. 
